Summary: Recent developments in diffusion-weighted imaging (DWI) have enabled the pathological changes that occur during cerebral ischaemia to be studied. The present studies utilised DWI to investigate the develop ment of early ischaemic changes following permanent middle cerebral artery (MCA) occlusion in the rat, which represents a model of stroke. An increased DWI signal was seen in the region of the occluded MCA and this was detectable as early as 1 h postocclusion. DWI images were obtained at nine stereotactic levels throughout the brain, providing a quantifiable measure of the volume of increased signal intensity in each animal. At 1 h post MCA occlusion the hyperintense areas were seen in the frontoparietal cortex and lateral caudate nucleus; these areas represent the core of the infarct and no protection is seen with any compounds in these areas. There was a progressive increase in the area of hyperintensity up to 4 h post-MCA occlusion, and at this time point the hyper intensity was seen in the dorsolateral cortex and caudate nucleus. At 4 h post-MCA occlusion there was a signifi cant correlation between the volume of hemispheric and cortical ischaemic damage measured using DWI and his tology. Thus, it appears that the increased DWI signal seen during the early time points after MCA occlusion was demarcating tissue that was destined for infarction. The area beyond the hyperintense region at 1 h represents the so-called "penumbral" region, because with increas-
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Over the past few years animal studies have dem onstrated that there exists a therapeutic window for intervention in stroke and compounds such as ex citatory amino acid antagonists have been shown to be neuroprotective (for review see McCulloch et al., 1991) . It would therefore be useful to be able to image cerebral ischaemia as soon as possible within the therapeutic window but neither computed to-mography (CT) nor conventional positron emission tomography (PET) provides accurate measures of early changes. The recent developments in mag netic resonance imaging (MRI) offer an opportunity to visualise early pathological changes following ce rebral ischaemia (for review see Brant-Zawadzki et aI., 1987) . The early studies utilised T\ (spin lattice)-and T 2 (spin-spin)-weighted imaging to evaluate ischaemic stroke (Brant-Zawadzki et ai, 1986; Sauter and Rudin, 1986) . T2-weighted imaging has been shown to be sensitive to the changes in water content that develop with the onset of vaso genic oedema and can be measured as a prolonga tion of the T 1 and T 2 relaxation times in ischaemic tissue (Germano et aI., 1989) . However, T 2-weighted imaging has not been effective in the de tection of early ischaemic changes occurring imme diately after the insult, as these are not accompa nied by vasogenic oedema (Brant-Zawadzki et aI. , 1987; Unger et aI. , 1987) . In animal models of stroke, accurate measurements with T2-weighted imaging can be made only at >4 h (Benveniste et aI. , 1991; Mintorovitch et aI., 1991; Allegrini and Sauer, 1992) . As a result a delay of 3-4 h, after the insult, exists before T 2-weighted imaging can be used to detect ischaemic changes. Pharmacological studies, however, have demonstrated a narrow therapeutic window for intervention, approximately 2-3 h, in animal models of stroke (Bielenberg and Beck, 1991; McCulloch et aI., 1991; Hatfield et ai. 1992) . Thus T2-weighted imaging offers limited use in identifying ischaemic tissue destined for infarc tion.
Recent developments in diffusion-weighted spin echo MRI in vivo have made it possible to visualise early ischaemic changes (Moseley et aI., 1990; Knight et aI., 1991; Mintorovitch et aI., 1991; Mine matsu et aI., 1992a,b) . Diffusion-weighted imaging (DWI) measures the incoherent microscopic motion of protons in tissue, which is thought to be due primarily to diffusion, but in principle this motion reflects all transport processes of water within the different tissue compartments (Le Bihan et aI., 1986 , 1988 . The onset of cerebral ischaemia results in breakdown of energy-producing metabolic pro cesses, and as a consequence, acute necrosis of all brain cells, including neurones, glial cells, and en dothelial cells ensues (Brierley and Graham, 1984) . The depletion of high-energy stores of ATP also results in a failure of the cell membrane Na + /K + pump, causing water protons to migrate to the in tracellular compartment. Accumulation of intracel lular water results in swelling (cytotoxic oedema). These acute ischaemic changes can be demon strated as increased signal intensity with DWI J Cereb Blood Flow Metab. Vol. 15, No.1, 1995 (Moseley et aI., 1990) and have been shown to oc cur as early as 30 min after the onset of ischaemia (Moseley et aI. , 1990; Mintorovitch et aI., 1991; Minematsu et aI. , 1992a) . The increases in DWI sig nal are due to decreased intravoxel apparent diffu sion, which appears to be related to the onset of ischaemia. Benveniste et al. (1992) recently ad dressed the question of what the increased DWI signal represents by comparing changes in DWI in tensity following ischaemia with those after expo sure of the brain to ouabain, which inhibits the Na + /K + pump, and similar changes in DWI inten sity were observed for both procedures. They also tested the excitotoxins glutamate and N-methyl-o aspartate (NMDA), which have been implicated in cerebral ischaemia (for review see McCulloch et aI., 1991) and both of which mediate acute neuronal swelling (Olney et aI. , 1971) . The results again dem onstrated an increased DWI signal, thereby provid ing evidence that DWI changes are caused by a shift of extracellular to intracellular water. However, the precise pathological mechanisms to which DWI is sensitive remain controversial.
Recently DWI has been used increasingly to in vestigate the acute ischaemic damage seen in ro dents (Knight et al., 1991; Mintorovitch et aI., 1991; Busza et aI., 1992; Minematsu et al., 1992a,b; Quast et aI. , 1993) . The majority of these studies has utilised a reversible model of focal cerebral ischaemia (Zea Longa et aI., 1989) and report ed early increases in DWI intensity which could be partly reversed by reperfusion of the middle cerebral artery (MCA) (Minematsu et aI., 1992a) . These early studies have been mainly qualitative in nature (Mintorovitch et aI., 1991) , with no quan titative assessment of DWI in large numbers of an imals.
The objective of the present studies was to use a model of permanent focal ischaemia in the rat, which has previously been well characterised in terms of histopathological changes (Tamura et aI., 1981a; Nedergaard, 1987) , cerebral blood flow measurements (Tamura et aI., 1981b; Dirnagl and Pulsinelli, 1990 ), regional energy metabolism (Selman et aI., 1987) , and glucose utilisation (Kurumaji and McCulloch, 1988; Nehls et aI., 1988) , to investigate acute and long-term changes in DWI. In this study we have assessed the time course of DWI changes over the first 24 h following MCA occlusion and, again, at 7 days. We have compared the changes in DWI measured at 24 h and 7 days with the changes observed in T 2-weighted images. In all experiments the data are compared with histology and are presented quanti tatively.
MATERIALS AND METHODS

Animals and surgical procedures
Male Sprague-Dawley rats weighing 300-360 g were used 'for these studies; they were maintained on a 12-h light:dark cycle and fed ad libitum.
The animals were anaesthetised with a mixture of 3% halothane in oxygen and air, then intubated and venti lated with a mixture of 2% halothane in oxygen and air. The left femoral artery was cannulated to enable contin uous monitoring of blood pressure and blood sampling; all physiological variables were monitored throughout the study. The rats were then subjected to permanent occlu sion of the left MCA as described by Tamura et al. (l981a) and Shigeno et al. (1985) . Briefly, the temporalis muscle was divided and a craniectomy performed near the foramen ovale; the zygomatic arch was not removed. The left MCA was located and then coagulated using mi crobipolar coagUlation, to occlude it permanently from its stem to the lenticulostriate branch. It was then cut to make sure it had been successfully occluded. The re tracted temporalis muscle was allowed to fall back into place and sutured, as was the skin overlying it, and the animals were then ventilated with a mixture of 1 % halo thane in oxygen and air for the remainder of the experi ment. The animals were then placed in the probe for MRI. All physiological variables such as blood pressure, blood pH, glucose levels, P aco 2 , and P a0 2 were monitored dur ing the imaging. The core body temperature was main tained at 37 ± 0.8°C throughout the experiment using a rectal probe and thermostatically controlled heating blan ket (Harvard).
MRI techniques
The imaging sequences were implemented on a Bruker Medizintechnik Biospec II spectrometer (Karlsruehe, Germany) with a 31-cm horizontal-bore 2.0-T supercon ducting magnet (Oxford Instruments) equipped with home-built 15-cm-i.d. gradient coils, each axis being driven by a series pair of Crown 7570 power supplies (Carpenter et ai., 1989) . The probe-coil was a custom built slotted-tube quadrature resonator with a 3.8-cm i.d. (Sank et aI., 1986; Yoda and Kurokawa, 1989) . The probe was fitted into a Perspex (Plexiglas) pod, in which the animal was placed in the supine position with its head fully enclosed by the coil. The design of the probe en sured that the rat was held firmly in place and that motion was minimised.
A diffusion-weighted spin-echo sequence [relaxation time (TR), 1800 ms; echo time (TE), 70 ms; field of view, (FOV), 50 mm; slice thickness, 1.0 mm; slice separation, 0.5 mm)] with prefocused pulses was used for the acqui sition of diffusion-weighted images (Stejskal and Tanner, 1965; Roberts et aI., 1993) . The diffusion gradients were 3.0 G/cm, with diffusion gradient pulse durations (8) of 20 ms and a diffusion gradient separation (.:l) of 33 ms. The resulting gradient b value was calibrated to be 540 ± 30 s/mm 2 • A spin-echo sequence (TR, 1800 ms; TE 70, ms; FOV, 50 mm; slice thickness, 1.0 mm; slice separation, 0.5 mm) with prefocused pulses was used for the acquisition of T 2 -weighted images (Morris, 1986) . For both imaging re gimes a nine-slice data set was obtained through the re gion of interest (described below), six averages were ac quired, and the total scan time was approximately 20 min.
Perfusion and fixation
Following the imaging, the animals were deeply anaes thetised by increasing the halothane concentration to 3% in oxygen and air. The animals were perfused transcar dially with 0.9% heparinised saline at 100 mm Hg until the perfusate from the right atrium ran clear. The animals were then perfused with 200 ml of a mixture of 10% neu tral buffered formal saline at 100 mm Hg. The brains were removed after 24 h, processed, and embedded in paraffin wax, and 8-fLm coronal sections were stained with hae matoxylin/eosin. These sections were examined by light microscopy and areas of ischaemic damage were delin eated at nine preselected coronal levels from 11.05 to 0.62 mm anterior (Konig and Klippel, 1963) .
Quantification of ischaemic damage
The areas of ischaemic brain damage from the MR im ages and histology sections were transposed onto scale diagrams (x4 actual size of the brain) of forebrain and measured in terms of hemispheric, cortical, and caudate da .
mage using an image analyser (Quanti met 760; Cam bndge Instruments). The ischaemic lesion showed up on the MR images as a hyperintense area and could be de fined as the region with a diffusion constant of <0.5 x 10-3 mm 2 /s (calculated by making a diffusion map at 4 and 24 h using a two-point fit from data with b = 540 mm 2 /s and b = 0 mm 2 /s). The areas of ischaemic damage were used to determine the total volume of ischaemic tissue in each brain, by integration of areas with the dis tance between each level (Osborne et ai., 1987) .
Experimental groups
The acute study involved permanent MCA occlusion; the animals (N = 11-16) were placed in the magnet as soon as possible after MCA occlusion and DWI was per formed at 1,2,3, and 4 h post-MCA occlusion. Following this 4-h experimental period the animals were perfusion fixed and the brains processed for histological analysis as described above. In the two further groups of animals the MCA was permanently occluded and the animals allowed to survive for 24 h (N = 11) or 7 days (N = 11). Follow ing this survival period the animals were reanaesthetised and imaged using DWI and T 2 -weighted imaging. On completion of the imaging they were perfusion fixed and the brains processed for histology.
Statistical analysis
The differences in the volume of ischaemic damage (measured using DWI and histology) for each brain region (hemisphere, cortex, and caudate) for the various groups of animals was tested using analysis of variance (ANOV A) with a Bonferroni correction. The area of isch aemic damage at the different stereotactic levels was compared for the various groups using BMDP 2v (BMDP Statistical Software, Cork, Ireland) with repeated mea sures. This was followed by a comparison of the area of damage at each coronal plane for the groups using the BMDP contrast test. All data are presented as the mean ± SD for N animals.
RESULTS
The physiological variables were monitored throughout the experiment; for the time-course study there was no significant difference for the blood glucose, pH, Paco2, or Pao2 measured over the 4-h experimental period (Table 1) . The MABP was maintained at > 100 mm Hg throughout the ex periment (Table 1) . The physiological variables for the 24-h (Table 1) and 7-day (Table 1) groups of animals were measured prior to and right after MeA occlusion. On the days of imaging the MABP was maintained at > 100 mm Hg throughout and the animals were ventilated to achieve P aco2 of >35 mm Hg and a Pa02 of >100 mm Hg.
DWI was used to assess the development of isch aemic changes over 4 h post-MeA occlusion. The area of early ischaemic change showed up as a hy perintense region in the diffusion-weighted images (Fig. 1 ) and appeared to increase over the time range of 1 to 4 h postocclusion (Fig. 1) . At 4 h postocclusion the areas of hyperintensity could be seen in the dorsolateral cortex and the caudate nu cleus. The influence of T\ and T2 changes on diffu sion-weighted intensity have been estimated and the resultant effect is negligible. At 4 h, when they are likely to have the maximum effect, the increase in signal intensity due to T 2 effects was 9-16%, while the decrease in signal intensity due to T \ ef fects was approximately 12%.
The total volume of ischaemic damage in each brain evaluated from the DWI sections showed a progressive increase over the first 4 h postocclu sion. There was an overall significant difference for the volume of hemispheric (ANOYA, F = 7.62, p < 0.001), cortical (F = 4.60, p < 0.01), and caudate (F = 25. 72, p < 0.0001) damage for the time-course study (Fig. 2) . A comparison of the hemispheric damage revealed a significant (Bonferroni test, p < 0.01; Fig. 2 ) difference at 3 and 4 h compared to 1 h post-MeA occlusion but no significant difference was seen between 1 and 2 h. The volume of cortical ischaemic damage was significantly different only at 4 h post-MeA occlusion compared to the I-h time point (Bonferroni test, p < 0.01; Fig. 2) . The volume of caudate damage was significantly (Bonfer roni test, p < 0.01; Fig. 2 ) different at 2, 3, and 4 h postocclusion compared to 1 h. A comparison of the area of cortical ischaemic damage at the different stereotactic levels revealed an overall significant (ANOYA, F = 4.46, p < 0.01; Fig. 3 ) difference with time. A comparison at each stereotactic level revealed that there was a significant (p < 0.05 and p < 0.01) difference at coronal levels 9.65 to 5.78. There was a good correlation for the volume of hemispheric (r = 0.86, p < 0.0001; slope = 0.71, Y intercept = 30. 35; Fig. 4A ) and cortical (r = 0.89, p < 0.0001; slope = 0.76, y intercept = 12.89, Fig.   4B ) damage assessed using DWI or histology at 4 h (Fig. 4) . There was no significant (r = 0.03, p > 0.5; slope = 0.11, y intercept = 24.40; Fig. 4C ) corre lation for the volume of caudate damage measured at 4 h using DWI and histology; the reason for this may be bunching of the data (Fig. 4) .
A comparison was then made of the progression of ischaemic damage between 4 and 24 h assessed using DWI and histology. At 24 h the ischaemic damage showed up as a hyperintense region in both diffusion-weighted and T2-weighted images (Fig. 5) . There was an overall significant difference for the volume of hemispheric (ANOY A, F = 24.45, p < 0.0001, and F = 28.41, p < 0.0001) and cortical (F = 24.93, p < 0.0001, and F = 16.72, p < 0.0004) ischaemic damage as measured using DWI and histology, respectively, between the 4-h and the 24-h groups of animals (Fig. 6 ). There was no sig nificant difference for the volume of caudate dam age measured using histology (ANOY A, F = 0.01, p > 0.9; Fig. 6 ) between these two groups of ani mals but there was a significant (F = 6.52, p < 0.02; s/mm 2 ; NEX = 6. The region of higher signal intensity in the right-hand hemisphere of each image delineates the area of ischaemic tissue. The area of hyperintensity can be seen to increase over the 4-h period. intercept = 34.09) and cortical (r = 0.72; p < 0.001; slope = 1.41, y intercept = -70. 34) ischaemic damage measured using DWI and histology in the group of animals allowed to survive for a period of 24 h. However, in this group of animals there was no significant (r = 0. 29, p > 0.05; slope = 0.49, y intercept = 12.75) correlation for the caudate dam age measured using DWI and histology. For the 24-h group of animals, T2-weighted images were also obtained and these data were used to evaluate the volume of ischaemic damage in the different brain regions (Fig. 6) . A comparison of DWI and T2-weighted imaging revealed a significant correla tion for the volume of hemispheric (r = 0. 78, p < 0.001; slope = 1.01, y intercept = -3.44) and cor tical (r = 0.80, p < 0.001; slope = 1.07, y intercept = -13.0) ischaemic damage but not for caudate (r = 0. 36, p > 0.05; slope = 0.58, y intercept = 12.24) damage. A comparison was also done between T r weighted imaging and histology for the animals al lowed to survive for 24 h; once again a significant correlation was seen for hemispheric (r = 0.49, p < 0.02; slope = 0.68, y intercept = 45.79) and cortical (r = 0.61, p < 0.01; slope = 1.09, y intercept = -24. 29) ischaemic damage but not for caudate damage (r = 0, p > 0.9; slope = 0, y intercept = 27.47).
Diffusion-and T 2-weighted images were obtained for the animals that were allowed to survive for 7 days post-MeA occlusion; the brains of these ani mals were also processed for histological analysis. The diffusion-weighted images of this group of an imals did not show the infarcted area as a hyperin tense region; instead the infarcted area seemed darker than the normal hemisphere. The ischaemic damage still showed up as a hyperintense region on the T 2-weighted images from the group of animals allowed to survive for 7 days. The volume of hemi spheric, cortical, and caudate damage was thus evaluated from the T 2 images as well as histology (Fig. 7) . A comparison was then made for the vol ume of damage in the different brain regions as sessed using both T 2 and histology for the 24-h and 7-day groups of animals. There was no significant difference for the volume of hemispheric (ANOV A, F = 0. 24, p > 0.6, and F = 0.62, p > 0.4), Gortical (F = 0. 30, p > 0.5, and F = 0.01, p > 0.9), or caudate (F = 0. 20, p > 0.6, and F = 3.26, p > 0.08) damage measured using histology and T rweighted imaging, respectively, between the two groups of animals.
The volume of ischaemic damage measured in the different brain regions using T 2-weighted imaging and histology was then correlated for the group of 
DISCUSSION
This study has demonstrated that DWI hyperin tensity can be used to detect early ischaemic changes. These areas of hyperintensity were quan tified in terms of the volume of ischaemic damage in each brain. The hyperintense region at 1 h post MCA occlusion was mainly in the caudate and areas adjacent to the occluded MCA and was seen to in crease significantly over the next 4 h. At 4 h post occlusion 27% of the hemisphere appeared hyper intense. This is slightly less than the 30% of damage reported in other studies in which permanent MCA occlusion has been used with 4-h survival (Park et al., 1988; Gill et al., 1991) . The reason for the smaller lesion may be experimental differences between laboratories. The volume of hemispheric and corti cal ischaemic damage assessed using DWI corre lated significantly with the histological assessment at 4 h postocclusion. In contrast, there was no sig nificant correlation for the caudate damage, the reason for which was the tight bunching of the data.
The actual values for the volume of caudate damage were very similar, when assessed using DWI or his tology. The progressive increase in the hyperinte�se area over the initial 4 h following permanent MeA oc clusion fits in well with the neuroprotective studies that have demonstrated a protective time window of up to 3 h postocclusion (Bielenberg and Beck, 1991; Hatfield et al., 1992) . In the core area (lateral part of the neostriatum and inferior parietal cortex) of a focal ischaemic lesion, the CBP falls to <10 mll00 g-l min -1 within 30 min of permanent MCA occlu- sion (Tamura et aI., 1981b; Bolander et aI., 1989) . At the early time points (1-2 h) DWI appeared to be defining ischaemic tissue destined to become in farcted because hyperintensity was seen only in the areas that are defined as the core of the infarction. Therefore these observations agree with those of Busza et aI. (1992) , who reported that hyperinten sity in DWI was seen only when CBF levels de creased below threshold values. The area beyond the hyperintense rim at 1, 2, and 3 h post-MCA occlusion may be described as the "penumbra" (Astrup et aI., 1981) , because as the damage pro gresses over time this area becomes incorporated into the infarct. The penumbra has been described as an area in which regional CBF is � 20% of normal (Tamura et aI., 1981b) at which synaptic transmission is abolished, but normal ionic homeostasis is maintained. Further ev idence supporting this view is that when protection is seen with excitatory amino acid antagonists, it occurs in these very areas that do not show up as hyperintense at 1 h postocclusion (Park et aI., 1988; Gill et aI., 1991 Gill et aI., , 1992 . DWI has been suggested to show regions of cy totoxic oedema (Moseley et aI., 1990; Benveniste et aI., 1992) and our observations on the progression of ischaemic changes over the first 4 h after MCA occlusion are compatible with this concept. How ever, other studies, in which DWI was used to de tect ischaemic changes within 15-30 min postocclu sion, demonstrated that a higher percentage of the hemisphere showed up as hyperintense and a slight Caudate increase in this area was observed over the initial 4 h (Mintorovitch et aI., 1991; Minematsu et aI., 1992a) . The reason for the discrepancy between these results and the present findings may be that their MR images were acquired with much larger diffusion gradients than those of our study. Under these conditions it is possible that DWI may be sen sitive to a decrease in regional CBF. Further cor roboration for this comes from studies on CBF in the reperfusion model, which showed a reduction in the same areas that appeared hyperintense in the MR images at 30 min (Memezawa et aI., 1992; Minematsu et aI., 1992a,b) . The difference in the area of hyperintensity on the DWI images between the present study and those reported by others (Mintorovitch et aI., 1991; Minematsu et aI., 1992a) may also be due to the use of different models of MCA occlusion. In the present study the MCA was occluded using the Tamura approach (Tamura et aI., 1981a) , whereas in the other studies a suture was used to occlude the MCA at its origin (Mintor ovitch et aI., 1991; Minematsu et aI., 1992a) . Fur ther evidence for the presence of a flow component in their 30-min diffusion-weighted images comes from the fact that when the occluder filament was removed after 1 h, enabling reperfusion, the hyper intense area decreased and was then of a size sim ilar to that of our 1-h postocclusion results (Mine matsu et aI., 1992a). Therefore, this suggests that in the diffusion-weighted images acquired at 30 min with the reperfusion model, some flow perturba tions are being visualised as well as cytotoxicity. The consensus of opinion seems to be that DWI can be used to detect early ischaemic changes, and the present studies have provided substantial quantita tive evidence for this. Thus, these findings may have important clinical implications in aiding the detection of early ischaemic tissue that is destined for infarction. DWI measured in the 4-h postocclusion group was compared with that seen in the animals allowed to survive for 24 h and a further progression of the damage was seen. This is in contradiction to other studies, which suggest that the damage does not progress between 4 and 24 h after the MCA has been occluded (Park, 1988; Gill et aI., 1991) . A rea son for this discrepancy may be the smaller lesion seen in the present acute study compared to that seen in other studies in which the animals were al lowed to survive for 4 h (Park et aI., 1988; Gill et aI., 1991) . A comparison of the volume of caudate dam age between 4 and 24 h post-MCA occlusion from the DWI data demonstrated a significant difference between the two groups but this was not seen for the histological analysis. This difference in statistical outcome may be due to the difficulty in identi fying the anatomical distribution of the hyperin tense region in the MR images.
The present studies have also used T 2-weighted imaging to assess quantitatively the volume of isch aemic brain damage at >24 h post-MCA occlusion. Early studies (Mintorovitch et aI., 1991; Minematsu et aI., 1992a,b) have shown that T2-weighted imag ing does not give a good indication of the size of the lesion at 1-4 h post-MCA occlusion, but thereafter it can be used to detect the area of infarction (for a review see Rudin and Sauter, 1992) . The results for the 24-h-post-MCA occlusion group demonstrated that there was a good correlation between T 2-weighted imaging and both DWI and histology. This is contradictory to the findings of Benveniste et aI. (1991) , who reported that there was no correlation between histology and T 2-weighted imaging at 24 h postocclusion and that T 2-weighted imaging gave a larger lesion. A possible reason for the discrepancy between their findings and the present study is that they were measuring oedema as well as infarction, whereas we transposed the area of ischaemic dam age onto brain sections for evaluation of the volume of damage in each brain (Osborne et aI, 1987) . Thus, any effects of oedema were eliminated from the measurements in our studies. Other groups have also reported a good correlation between T 2-weighted imaging and histology at 24 and 48 h post MCA occlusion (Barone et al., 1991; Allegrini and Sauer, 1992; Seega and Elger, 1993) . The present study also demonstrated a good correlation be tween T 2-weighted imaging and DWI at 24 h post MCA occlusion and this has not been reported pre viously.
DWI was measured at 7 days post-MCA occlu sion but at this time point the infarcted area did not show up as a uniformly hyperintense region and, as a result, did not accurately predict the size of the lesion. In some animals the infarcted areas ap peared to be darker than the contralateral hemi sphere. A possible reason for is that by 7 days post MCA occlusion, there is a complete breakdown of cells (necrosis), leaving a fluid-filled space with un restricted diffusion. This reduction in the DWI hy perintensity at 7 days post-MCA occlusion has also been reported by Quast et aI. (1993) . They also studied DWI at 72 h and found that the signal at this time point was the same as that seen at 24 h; there fore the DWI signal appears to decrease between 72 h and 7 days after the ischaemic insult. At 7 days post-MCA occlusion there was a significant corre lation for the volumes of damage evaluated from T 2-weighted images and histology.
In conclusion, the present studies have demon-strated that DWI can be used quantitatively to as sess the progression of ischaemic damage following permanent MCA occlusion over a period of 24 h. However at 7 days post-MCA occlusion DWI could not be used accurately to predict the final size of the ischaemic lesion. The volume of ischaemic damage could be measured using T 2-weighted imaging at 7 days postocclusion. A comparison of the volumes of damage assessed using T 2-weighted imaging at 24 h and 7 days postocclusion demonstrated that there was no further increase in the size of the infarct.
